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Abstract

It was found that an exo-biopolymer (M.W. 1,000,000, molar ratio of 1.5:1.7:1.2:0.6:0.9,
glucose : galactose : xylose : mannose : fructose, purity 99%) purified from the liquid culture broth of Hericium
erinaceus mycelium enhanced the growth of rat adrenal nerve cells. The polymer also improved the extension of
the neurites of PC12 cell. Its efficacy was found to be higher than those from known nerve growth factors such as
Nerve Growth Factor (NGF) and Brain-Derived Nerve Factor (BDNF). The effect of two standards has not been
observed above 0.1 (mg 1~ ') of supplementation; however, the polymer did show the effect of cell growth and
neurite extension at up to 1.0 (mg 17") of addition. While the polymer improved both cell growth and neurite
extension, NGF and BDNF did only outgrowth of the neurites. Maximum cell density and length of the neurites
were observed as 1.5X10° (viable cells ml~ ") and 230 pm, respectively in adding 0.8 (mg 1~ ") of the biopolymer
for 8 days cultivation. The control growth was observed only as 1.2X10° (viable cell ml~") of maximum cell
density and 140 pm of maximum length, respectively. It was also confirmed that the polymer reacted with the
nerve cells within 30 min after adding the sample, compared to 80 min in adding two other growth factors.
Number of neurite-bearing cells remained relatively steady in adding the polymer even when the cell growth
started to be decreased. It was interesting that the polymer effectively delayed apoptosis of PC12 cells by
dramatically reducing the ratio of apoptotic cells to 20% from 50% of the control.

Introduction

There have been great outcomes about in vitro culti-
vation of several kinds of nerve cells including human
nerve embyronic stem cells (Brown 1981; Willis and
Coggeshall 1991; deSouza et al. 1995). It can definite-
ly increases the possibility of treating nerve related
diseases, such as Alzheimer’s and Parkison’s diseases
and others (Schorderet 1995; Brinaga 1994; Brown
1981). However, there have been still many limita-
tions in cultivating mammalian nerve cells due to low
proliferation and differentiation of the neurites com-
pared to other cell lines even though functions of

several neutrophic factors like Brain-Derived Neuro-
trophic Factor (BDNF), Nerve Growth Factor (NGF)
and Neurotropins-3 (NT3) have been revealed recent-
ly (Thoenen et al. 1978; Hokfelt 1991; Patterson and
Nawa 1993). The studies on their applications are just
beginning (Thoenen and Barde 1980; Barde et al.
1982; Fantl et al. 1993; Faden and Salzam 1992)
because the growth mechanisms of nerve cells are not
clearly understood yet as well as the relation between
neurites and neurotransmit systems.

It has been proved that many nerve cells required
additional growth factors, such as NGF, BDNF and
epithelial cells, etc. for in vitro cultivation (Cunha et
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al. 1990; Wang et al. 1990; Frank and Westerfield
1983; Silos-Santiago and Snider 1992; Roush 1996;
Kaplan et al. 1993; Merlino et al. 1993; Kumar et al.
1990). It was also found that some tumor cells display
more differentiated features and contain cells resem-
bling Schwann cells of the glial lineage, of secretory
cells expressing markers of neuroendocrine differen-
tiation (Cooper et al. 1990; Greene and Tischler
1976). Moreover, many chemicals and biological
response modifiers are known to promote in vitro
morphological, biochemical, and ultrastructural
changes to well-differentiated neuroelectrodermal
phenotypes (Abemayor and Sidell 1989). Lectin and
other chemicals from natural resources also demon-
strated the ability of affecting the growth of nerve
cells (Kawagish et al. 1993, 1994). Mushroom can be
a good candidate to play a role in inducing neuronal
differentiation and promoting neuronal survival (Was-
ser and Weis 1997; Shibata et al. 1989; Mizuno 1995;
Eisenhut et al. 1995). Among them, Hericium
erinaceus is an widely distributed edible mushroom,
saprophytically inhabiting on dead trunks of hard-
woods such as oak, beech and Japanese walnut, etc. It
has been reported that fruiting body and mycelium of
H. erinaceus could work on nerve systems in in vitro
experiments (Aronone et al. 1994; Kuwahara et al.
1992; Kimura et al. 1991; Mizuno 1995; Liu et al.
1999). Some of them demonstrated the stimulation of
NGF synthesis for treating neuronal disorders such as
Alzheimer’s disease and peripheral nerve regenera-
tion (Ayer et al. 1978; Furukawa et al. 1987; Kawag-
ish et al. 1994). Therefore, in this work, the effects of
an exo-polysacharide isolated from H. erinaceus on
the growth of rat pheochromocytoma cells (PC12) are
to be investigated since PC12 cells are most widely
used to be an in vitro model of neuronal differentia-
tion.

Materials and methods
Preparation of sample

The crude sample was collected from submerged
culture broth of Hericium erinaceus mycelium after
12 days fermentation (pH 4.5, 28 °C, 120 rpm in a
rotary shaker). Detail culture method was described
elsewhere (Lee et al. 1996). The culture broth was
centrifuged at 200 g to remove the mycelium in the
broth. The supernatant was dialyzed by a 200,000
MW cut-off membrane and centrifuged at 500 g for 30

min, then precipitated by adding two volume of
acetone. The precipitate was resolved in distilled
water for 24 h at room temperature. This solution was
centrifuged again at 500 g for 30 min. The precipitate
was dissolved in distilled water and 0.1 N NaOH, then
separated by ion exchange chromatogaraph (DEAE
celluose resin, Pharmacia, Cambridge, USA) with 2
M NaCl elution solution and followed by Sephadex
(CL-5B, pharmacia, Cambridge, USA) chromatog-
raphy. The purified fraction was trimethysilyationized
and analyzed by Gas chromatography (Varian, Star
3400, Campbell, USA) and prep-HPLC (Waters,
Chicago, USA) (Brobst and Lott 1996; Lee and Kang
1999). The sample was found to be an exo-polysac-
charide having molar ratio of 1.5:1.7:1.2:0.6:0.9
(glucose : galactose : xylose : mannose : fructose) and
its molecular weight was determined as 1,000,000
dalton (purity 99%) (Lee and Kang 1999). The
purified sample was sterilized them through 0.2 wm
filter paper before adding into the culture.

Cell culture and biochemical analysis

Rat pheochromocytoma nerve cell, PC12 (ATCC,
Rockville, USA) was grown in DMEM/F12 basal
medium containing 365 mg 1" of L-glutamine
(GIBCO, Grand Island, USA) and 40 pg ml~' of
gentamycine enriched with 10% FBS (GIBCO, Grand
Island, USA) in a 37 °C CO,, incubator supplying 5%
CO, in air. The growth of PC12 cell in adding various
concentrations of exo-polysaccharide purified from H.
erinaceus culture broth or two standards, BDNF and
NGF (Genzyme, Cambridge, USA) was estimated by
the trypan blue dye exclusion method everyday
(Frehney 1983). The effect of sample concentration
on the growth of PC12 cells was observed by adding
various concentrations of the sample into the culture
medium. The neurite outgrowth of PC12 cell was
monitored under an inverted microscope with a
graticule (Rukenstein and Greene 1983) as a measure
of differentiation of nerve cells. The ratio of neurite
bearing cells to total cells was also calculated by
counting total and neurite bearing cells in a
haemacytometer. Apoptosis of the cells was measured
as follows: The cells cultured with samples were
mixed with 4 pl of a dye solution which contains
acridine orange and 100 .l of ethidium bromide (1: 1
v/v) according to cultivation time. The size and
numbers of the stained cells were counted through a
fluorescent microscope and from pictures were com-
pared to those of normal cells, then the ratio of



apoptotic cells to total cells was estimated by counting
the stained cells (Frehney 1983).

The acidification kinetics of the cells responding to
samples was observed by a microphysiometer (Mo-
lecular Device, New Brunswick, USA). In tests for
chemotherapeutic efficacy and toxicity, acidification
rate has been used as the cell activity and viability
indicator (Wada et al. 1992). The microphysiometer is
designed to rapidly monitor the cell growth and
biological response by measuring pH changes within
the cells, compared to the control which was not
treated with samples as follows (Longchuan and
Armen 1999; Masanori and Hiroshi 1997): 3X
10°ml ™" of the cells were put into a capsule cup in the
microphysiometer and incubated for 24 hours at 37
°C. Running buffer (PBS buffer) and culture medium
(DMEM/F12 with 10% FBS) was continuously
flown into the capsule, and then pH was measured pH
changes in the capsule according to time (Longchuan
and Armen 1999).

All of the experiments were carried out at least five
duplications. The data points in Tables and Figures
are the mean of five duplicated experiments and the
bar is the standard mean deviation calculated by
Statistical Analysis System (SAS, NC, USA).

Results and discussion

Figure 1-3 show the effect of a purified exo-polymer
and two standards, BDNF and NGF on the growth of
PC12 cells. The cell growth was more greatly en-
hanced in adding the exo-polymer than in adding the
standards; 1.51X10° (viable cells ml~ ") of maximum
cell density at 0.8 (mg 1™ ") of biopolymer addition vs.
1.2X10° (viable cells ml~") at 0.1 (mg 1) of BDNF
or NGF addition. While only 1.0X10° (viable
cell ml™") of maximum cell density was maintained
without any supplementation (the control case). In
general, both nerve growth factors also improved the
growth of PCI2 cells in adding 0.1 (mg 1~') of the
highest supplementation for maintaining high effica-
cy, but not remarkably, compared to that in adding the
exo-polymer. At the above of 0.8 (mg 1~") of bio-
polymer addition, the enhancement of cell growth was
not observed. It tells that there must be an optimal
addition concentration to improve the cell growth,
showing in the range of 0.8 (mg 1™ ") to 1.0 (mg 17 ).
It may be possibly due to the limitation of solubility of
the sample at high addition into the culture liquid. It
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was also found that both standards did not signifi-
cantly improve the cell growth in adding more than
0.1 (mg 17"). For most cases, the growth of PC12
cells was improved as the addition concentration of
the sample or the standards was increased; however,
there was not much difference observed in enhancing
the cell growth in adding two nerve growth factors. It
was interesting that the polymer could prevent sudden
drop of cell growth at latter period of the cultivation
but others could not. However, it is evident that the
sample and nerve growth factors can improve the
growth of PC12 cells and maintain relatively higher
cell concentration than the case without supple-
mentation. It can also by supported by the results that
the compounds from H. erinaceus enhanced the syn-
thesis of nerve growth factor, NGF from 70 pg ml ™"
to 175 pg ml~" (Furukawa et al. 1987; Kawagish et
al. 1994).

Figure 4 shows the kinetics of responding to target
cells by adding the effectors. The acidification rate
was not much changed without adding the effectors
within four hours, which was considered to be the
control. The cell growth was greatly increased in
adding the sample, up to 130 % of the control within
30 min, then remained relatively steady. Both NGF
and BDNF also enhanced the cell growth up to ca.
110 %, but not much than the sample. Their response
time was even longer than the exo-polymer, such as
85 min for nerve growth factors vs. 30 min for the
polymer, respectively. It tells that the polymer can

Viable cell density, Xx10%( viable cells/ml)

Cultivation time (day)

Figure 1. The effect of a biopolymer from H. erinaceus on the
growth of PC12 cells as a function of supplementation concen-
tration: Control, no addition (@), 0.2 mg 17'(¥),05 mg 17 (),
0.8 mg1 ' (), 1.0mgl1 " (A).
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Figure 2. The effect of BDNF on the growth of PCI12 cells as a
function of supplementation concentration: Control (@), 0.02
mg 17'(¥), 0.05 mg 17" (M), 0.01 mg 17" (¢), 0.12 mg 17" (A).

react with the cells much faster than two standards
and greatly increase the cell growth. Similar result
was illustrated in Figure 1, and it is evident that the
exo-polymer can increase the growth of PC12 cells
within 30-40 min after being supplemented.

Figure 5 proves that the polymer does not affect
only the growth of PC12 cells but also the extension
of the neurites of nerve cells. For the control, the

14
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Figure 3. The effect of NGF on the growth of PC12 cells as a

function of supplementation concentration: Control (@), 0.02
mg 17" (¥),0.05 mg 17" (M), 0.0l mg 1" (4),0.12mg 17" (A).
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Figure 4. The result of measuring cellular activity of PC12 cells by
adding several nerve growth factors for 4 h, using a mi-
crophysiometer: Biopolymer(4), BDNF(H), NGF(V), Control(@®).

neurites did not grow any longer after four days the
cultivation when the maximum cell density was
achieved. However, the neurites were continuously
extended up to 230 wm in adding the polymer even
when the cell growth remained steady in Figure 2. In
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Figure 5. The neurite’s extention of PC12 cells in no adding or
adding various concentrations of NGF, BDNF and the biopolymer
from H. erinaceus according to cultivation time: Control(4): Bio-
polymer 1.0mg 1" '(@),0.5mg 17'(¥),0.2mg 1~ '(l); BDNF 0.1
mg17'(0), 0.05 mgl'(v), 002 mgl '(d); NGF 0.1
mg 17" (gray bullet), 0.05 mg 1™ '(gray triangle), 0.02 mg 1~ '(gray
square).
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Figure 6. The morphology of PC12 nerve cells in no adding or adding NGF, BDNF and the biopolymer from H. erinaceus after 5 days of

cultivate. A: Control, B: BDNF, C: NGF, D: Biopolymer.

0.1 (mg 1™ ") of highest supplementation of two stan-
dards, NGF or BNDF, the maximum extension of the
neurites was definitely increased compared to the
control while the period of extending the neurites was
not lengthened. Similar trend was also observed in
adding 0.05 (mg 17" or 0.02 (mg 17") of lower
supplementation, but did not seem to be much effec-
tive compared to that in adding lower supple-

mentation of the exo-polymer shown in Figure 1.
There was no visible growth of the neurites on the first
day, but by the third day, the neurites had grown to
about 190 wm in adding the polymer. Then, there
were many initiations of the neurites within the cells.
Fully developed neurons were observed on the fifth
day. The extension of neurites remained relatively
steady at latter period of the cultivation in adding the
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polymer while decreased in adding growth factors and
no addition. The decrease of neurite extension was
even greater at latter period of the cultivation for the
case of adding NGF or BDNF than for the control.
Figure 6 compares the growth and neurite extension
of PC12 cells after five days in adding the samples or
no addition. Arrows indicate the neurites of PC12
cells. Obvious enhancement of neurite extension was
observed in adding exo-polymer (D), compared to the
control (A). The length of neurite in adding the
polymer seemed to be the longest among others in
adding growth factors. At least three or four neurites
were maintained within a single cell after six days of
the cultivation. It is far developed compared to other
reports that more than 10 days were required to
develop a similar morphology (D in Figure 6) in
growing PC12 cells without supplementing the any
growth effectors under normal conditions (Greene
and Tischler 1976; deSouza et al. 1995).

Figure 7 shows the number of neurite-bearing cell
in adding various concentrations of the samples or
standards, respectively. Without adding the samples,
the number of neurite-bearing cells was suddenly
dropped at latter period of the cultivation when the
cell growth was decreased. Its pattern seems to be
different from the extension of the neurites shown in
Figure 5. There may also be an effect of addition of
the sample or standards on increasing the number of
neurite-bearing cells when the concentration of the
supplementation was increased as shown in Figures 1
and 5. The neurite growth remained constant in add-
ing the biopolymer or nerve growth factors even
though the cell growth started to be decreased after 4
days of the cultivation. However, the number of
neurite-bearing cells was sensitively affected by the
cell growth. The cells that already contain neurites are
more likely to make additional neurites than cells
without them. In adding the polymer or two growth
factors, the number of the cells bearing neurites
remained relatively constant when the cell growth was
decreased. Among them, the polymer showed the
highest effect on enhancing the number of neurite-
bearing cells than two other nerve growth factors.
There was not much differences in increasing the
number of the neurite-bearing cells between two
factors. It is also interesting that the polymer seems to
work on increasing the number of the neurite-bearing
cells after 4 days of the cultivation when the number
of the cells greatly dropped without supplementing
any growth factors. It implies that the polymer may
first work on lengthening the neurites which already

Neurite-bearing cells (%)
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Figure 7. Comparison of the percentage of neurite-bearing cells in
no adding or adding various concentrations of NGF, BDNF and the
biopolymer according to cultivation time : Control(4): Biopolymer
1.0mg 17'(®),0.5mg 17'(¥),0.2 mg 1”'(M); BDNF 0.1 mg 1"
(©), 0.05 mg 17" (v), 0.02 mg 1”'(d); NGF 0.1 mg 1~ (gray
bullet), 0.05 mg 17" (gray triangle), 0.02 mg 1”" (gray square).

existed in the cell, then enhance the number of cells to
initiate the formation of the neurites within the cells.

Table 1 compares the cell growth, number of
neurite bearing cells and the growth of neurites in
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Figure 8. The change of death pattern of PC12 cells in no addition
or adding NGF, BDNF and the biopolymer from H. erinaceus
according to cultivation time: Cell growth, X; control(H),
BDNF(Y), NGF(@®), Biopolymer(#): Apoptotic ratio; control((J),
BDNF( v ), NGF(O), Biopolymer ({>).
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Table 1. Comparison of cell viability, neurite-bearing cells and the extension of neurites in adding several nerve cell growth factors.

Effector Maximum cell density, X Cell viability Neurite-bearing Max. length of the neurite
(viable cells ml™") (%) cell (%) (um)

Control 1.11 x 10° 53+£29 51.0+x24 14114

NGF™ 1.15 X 10° 575+3.1 513*13 184+28

BDNF~ 1.21x10° 73+£34 60.5£2.1 192 £ 1.1

Biopolymer 1.55 % 10° 80+1.9 643+ 1.1 235+ 1.8

0.1 (mg 17") of NGF or BDNF addition

" 8™ day of the cultivation.

adding the effectors or no addition (control) after five References

days cultivation. As shown in previous Figures, the
best growth of cells and neurites was observed in 0.8
(mg 17") of the exo-polymer. In general, all of three
effectors positively affected for all cases of cell
growth and neurite extension and formation. It was
apparent that NGF was not much effective on cell
growth and the number of neurite-bearing cells except
for the extension of the neurites. It was also found that
the polymer can well improve neurite growth rather
than cell growth. It possibly implies that the signal for
generating neurites within the cell can be possibly
induced by adding certain levels of the polymer to
affect the nerve cell membrane.

Figure 8 illustrates apoptotic pattern of PC12 cells
in adding the samples. The ratio of apoptotic cells
continuously increased without adding the samples as
the cell growth decreased. However, the ratio of
apoptotic to normal cell remained steady and even
decreased in adding the effectors while the cell den-
sity was dropped at latter period of the cultivation. It
was also found that the polymer most effectively
prevented the apoptosis of PC12 cells than other
growth factors, maintaining less than 20% of apo-
ptotic cells compared to 51% in control. It may tell
that the polymer could partially delay the apoptosis of
nerve cells and result in increasing the numbers of
neurite-bearing cells, which can eventually enhance
the growth of nerve cells. Based on these findings,
detail in vivo mechanism of the exo-polymer from H.
erinaceus influencing PC12 cells should be further
investigated.

Acknowledgements

This work was supported by a research grant from the
Korean Science and Engineering Foundation
(KOSEF) through the Bioproducts Research Center
(BRC) at Yonsei University (2002-2-102).

Abemayor E. and Sidell N. 1989. Human neuroblastoma cell lines
as models for the study of neoplastic and neuronal cell differen-
tiation. Environ Health Perspect 80: 3—15.

Aronone A., Cardillo R., Nasini G. and Pava OV. 1994. Hericines
and erinaypone, new metabolites producded by the fungus H.
erinaceium. J Nat Products 57: 602-606.

Ayer W.A., Browne L.M., Mercer J.R., Taylor D.R. and Ward D.E.
1978. The effect of the mycelium of H. erinaceium on NGF
synthesis of rat adrenal cells. Can J Chem 56: 717-721.

Barde Y.A., Edgar D. and Thoennen H. 1982. Purification of a new
neurotrophic factor from mammalian brain. EMBO J 1: 549—
553.

Brinaga M. 1994. Neurotrophic factors enter the clinic. Science
264: 772-774.

Brobst K.M. and Lott C.E. 1996. Determination of some com-
ponent in corn syrup by gas liquid chromatography of the
trimethylsilyl derivatives. Cereal Chem 43: 35-39.

Brown A.G. 1981. Organization in the Spinal Cord. Springer-
Verlag, New York, pp. 1-49.

Cooper M.J., Hutchins G.M. and Israel M.A. 1990. Histogenesis of
the human adrenal medulla. Am J Pathol 137: 605-615.

Cunha G.R., Bigsby R.M., Cooke P.S. and Sugimura Y. 1990.
Stromalepithelial interactons in adult organs. Cell Diff 17: 137-
148.

deSouza S., Lochner J., Machida C.M., Matrisian L.M. and Climent
G. 1995. A novel nerve growth factor-responsive element in the
stromelysin-1 gene that is necessary and sufficient for gene
expression in PC12 cells. J Biol Chem 270: 9106-9114.

Eisenhut R., Fritz D. and Tiefel P. 1995. Investigation of nutrition-
ally valuable constituents of H. erinaceus. Gartenbauwis-
senschaft 60: 212-218.

Faden AL and Salzam S. 1992. Pharmacological strategies in CNS
trauma. Trends Pharma Sci 13: 29-35.

Fantl WW., Johnson D.E. and Wikkiams L.T. 1993. The invasion of
NGF in rat nerve cells. Ann Rev Biochem 62: 453-481.

Frank E. and Westerfield P. 1983. Development of sensory-motor
synapses in the spinal cord of the frog. J Phsiol 343: 593-610.

Frehney R.I. 1983. Cultivation of Animal Cells. Alan R. Liss, Inc.,
N.Y., pp. 199-215.

Furukawa S., Furukawa Y., Satoyoshi E. and Hayashi K. 1987.
Regulation of nerve growth factor synthesis/secretion by cat-
echolamine in cultured mouse astroglial cells. Biochem Biophys
Res Comm 147: 1048—-1054.

Greene L.A. and Tischler A.S. 1976. Establishment of a norad-
renergic clonal line of rat pheochromoooocytoma cells which
respond to nerve growth factor. Proc Natl Acad Sci USA 73:
2424-2428.



162

Hokfelt T. 1991. Neuropeptides in perspective: The last ten years.
Neuron 7: 867-879.

Kaplan D.R., Matimoto K., Lucarelli E. and Thiele C.T. 1993.
Induction of TrkBb by retinoic acid mediates biologic respon-
siveness to differentiation of human neuroblastoma cells. Neuron
11: 321-331.

Kawagish H., Ando M., Shinba K., Sakamoto H., Yoshida S., Ukai
N. et al. 1993. Chromans, Hericenes and Heriteuns from the
mushroom. Phytochem 32: 175-178.

Kawagish H., Mori H., Uno A. and Chiba S. 1994. A sialic acid-
binding lectin from the mushroom. FEBS Lett 340: 56-58.
Kawagish H., Shimada A., Shirai R., Okamoto K., Ojima F.,
Sakamoto H. et al. 1994. Erinacines A and K stimulation of NGF
from the mycelia of H. erinaceium. Tetrahedron Lett 35: 1569—

1572.

Kimura Y., Nishibe M., Nikajima H., Hamasaki T. and Shigemtsu
N. 1991. Hericerin, a new pollen growth inhibitor from the
mushroom H. erinaceum. Agric Biol Chem 55: 2673-2765.

Kumar S., Huber J., Pe n a L.A. and de Vellis J. 1990. Characteriza-
tion of functional nerve growth factor-receptors in a CNS glial
cell line. J Neurosci Res 27: 408—417.

Kumon Y., Sakaki S., Kadota O., Matsuda S., Fujita H. and
Sakanata M. 1993. Transient increase in endigenous basic fi-
broblast growth factor in neurons of ischemic rat. Brain Res 605:
169-174.

Kuwahara S., Morihino E., Nemoto A. and Hiramatsu A. 1992.
Synthesis and absolute configuration of a cytotoxic fatty acid
from the mushroom H. erinaceus. Biosci Biotech Biochem 56:
1417-1419.

Lee S.Y. and Kang T.S. 1999. Structural analysis of antitumor
active polysaccharides produced by submerged cultivation of G.
lucidium. Kor J Mycol 27: 76-81.

Lee SY., Kang T.S., Moon SW., Ryu LD. and Lee B.I. 1996.
Anticancer effect of paritally fractionized polysacharrides from
liquid culture of the mushroom mycelium. Kor J Mircrobiol
Biotech 24: 459-464.

Liu M., Haiyan C. and Hongbin S. 1999. Survey in medicinal value
of H. erinaceus. Edible Fungus China 18: 24-27.

Longchuan C. and Armen H.T. 1999. Identification of distinct
signalling pathways for somatostatin receptors SSTR1 and
SSTR2 as revealed by microphysiometry. Cell Signal 11: 499—
505.

Masanori K. and Hiroshi K. 1997. Creation of an in vivo cytosensor
using engineered mesangial cells. J Clin Invest 100: 1394-1399.

Merlino J.P., Ernfors P., Kokaika Z., Middlemas D.S., Bengzon J.
and Persson H. 1993. Increase production of the trkB protein
tyrisine kinase receptor after brain insults. Neuron 10: 151-164.

Mizuno T. 1995. H. erinaceum: Bioactive substances and medicinal
utilization. Food Rev International 11: 173—-178.

Patterson P.H. and Nawa H. 1993. Neuronal differentiation factors/
cytokines and synapic plasticity. Cell 72: 123-137.

Roush W. 1996. New neurons use ‘lookouts’: to navigate nervous
system. Science 271: 1807-1808.

Rukenstein A. and Greene L.A. 1983. The quantitative bioassay of
nerve growth factor: use of frozen primed PC12 pheoch-
romacytoma cells. Brains Res 38: 177-180.

Schorderet M. 1995. Alzheimer’s disease: fundamental and thera-
peutic aspects. Experientia 51: 99—105.

Shibata H., Tokunaga T., Karasawa D., Hirota A., Nakayama M.
and Tada T. 1989. Isolation and characterization of new bitter
diterpenoids from the fungus Sarcodon scabrosus. Agr Biol
Chem 53: 3373-3375.

Silos-Santiago I. and Snider W.S. 1992. Development of commisur-
al neurons in the embryonic rat spinal cord. J Comp Neurol 325:
514-526.

‘Wada H.G., Owidei J.C., Bruncer C.H., Miller K.R. and Parce T.W.
1992. Measurement of cell response to toxic agents using a
silicones microphysiometer. AATEX 1: 154-164.

Thoenen H. and Barde A. 1980. Physiology of nerve growth factor.
Physiol Rev 60: 1284-1335.

Thoenen H., Schwab M. and Otten U. 1978. Nerve growth factor as
a mediator of information between effector organs and innervat-
ing neurons. In: Papaconstantinou J. and Rutter W.I. (eds), In
Molecular Control of Proliferation and Differentiation. Academ-
ic Press, New York, pp. 101-118.

Wang A.Z., Ojakian G.K. and Nelson W.J. 1990. Steps in the
morphogenesis of a polarized epithelium. J Cell Sci 95: 137-
151.

Wasser S.P. and Weis A.L. 1997. Medicinal mushrooms. In: Nevo
E. (ed.), Reishi Mushroom. Peledfus Pub., Haifa, pp. 96—114.

Willis W.D. and Coggeshall R.E. 1991. Sensory mechanism of the
spinal cord. J Comp Neurol 310: 285-299.



